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INVESTIGATING  DIFFUSION  !!03ILITT  OF  ZIRCONIUM  IN  ZIRCON- 
CON  IUM-N  10  BIUM  ALLOTS 

O.  0.  Ryabova  and  P.  L.  Orusin 

Alloys  of  the  zirecniuoniobium  system  arouse  greater  scientific  and  practical 
interest.  In  recent  years  the  properties  of  alleys  of  thi3  system  have  been  investigated 
by  many  researchers.  Zirconium  alleys  were  found  with  snail  additions  of  niobium,  alleys 
with  properties,  satisfactory  far  application  of  these  alloys  in  the  construction  of 
reactors  jl,  2*J ,  as  well  as  alleys  with  higher  niobium  content, characterized  by  excellent 
fire  and  heat  resistance (2,3} 

Zirck  lum  and  niobium  -  high  melting  metals. But  zirconium, in  spite  of  the  high 
melting  point,  is  distinguished  by  low  heat  reasistance.  Niobium  is  characterized  by 
good  heat  resistance  qualities. 

Investigation  of  diffusion  characteristics  in  a  system  of  alloys  on  the  basis  of 
these  two  metals  is  of  interest  for  the  nirpose  of  explaining  the  diffusion  mobility 
of  at  ana  during  change  over  from  zirconium,  haring  high  diffusion  nobility,  to  niobium, 
distinguished,  judging  by  its  heat  rosistance,by  slow  mobility  of  atems. 

To  investigation  diffusion  of  zirconium  in  zirc onium-ni obium  alleys  were  melted 
alloys  of  the  following  niobium  content  (weight  /0«  1;  2;  3;  7;  20}  35;  70;  90  and 
10O.  In  role  of  basic  material  for  the  preparation  of  alleys  was  used  iodide  low-haf¬ 
nium  zirconium  and  niobium, c on ta ini rg  the  following  admixtures  (weight  X)  *  Tb-1; 

C-0.09;  Cr-0.1;  0-0.05;  H  -  0,003;  N  -  O.og, 

The  alloys  were  molted  in  an  KLFI-9-3  type  arc  fUrnnoe  with  tungsten  electrode 
and  water  cooled  crucible  in  an  atmosphere  of  purified  argon.For  additional  purifi¬ 
cation  of  furnace  chamber  from  gases  prior  to  melting  the  alleys  the  getter  was  melr 
te.i  several  times,  Uniform  distribution  of  elements  in  the  alleys  W33  attained  by 
reposted  refolding  (&~15  times)  without  disturbing  the  hermoticity  of  the  f  ’  see. 
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Bara  of  casted  alleys  containing  up  to  203  of  niobium  were  subjects  1  to  hor  for 
ging  in  open  air  at  a  temperature  of  900— 720°C  and  to  grinding  to  remove  the  layer 
of  scales,  and  then  cut  into  sarnies  with  a  dimension  of  3X3X15  run*  At  a  more  than  203 
niobium  content  in  the  alley  the  samples  were  prepared  fren  casted  alloys* 

The  obtained  samples  were  subjected  to  homogenizing  annealing  at  1200°C  for  a  per¬ 
iod  of  10  hrs  and  at  U|00°C  for  a  period  of  24  hours  (alloys  containing  lesa  than  203 

niobium*  Annealings  at  120Q°C  were  carried  out  in  a  quartz  tube, pumped  out  to  a  p  ea- 

-4 

sure  of  1»1Q  ion  Hg,  placing  it  in  a  tubular  resistance  furnace.  Alloys  with  gr  ator 
niobium  content  were  annealed  in  a  TW-4  type  furnace  at  a  remanent  pressure  of  1!10”^ 
ma  Hg* 

After  homogenizing  annealing  on  the  samples  was  a.  plied  a  layer  of  radioactive 
zirconium  isotope  2*^5  in  e  special  vacuum  installation.  To  'ones a  of  the  layer 

waa  tana  of  tractions  of  a  micron*  The  thickness  uniformity  of  the  dusted  on  layer 
was  checked  by  taking  an  autoradiogram  from  samples  directly  after  the  d". sting  on  the 
radioactive  isotope* 

After  the  dusting  on  tha  samples*  placed  in  pairs  with  the  radioactive  surface 
inward*  we  bound  by  a  molybdenum  wire  and  subjected  to  diffusion  annealing  in  vacuum 
at  corresponding  temperatures*  Together  with  the  samples  were  wrapped  in  foil  zirco¬ 
nium  shavings,  serveing  as  getter.  In  table  1  are  given  d:  on  temperature  and  time 
of  exposure  of  diffusion  annealings  of  zircoaium/nioblum  alloys* 

Tbble  1*  Data  on  temperature  and  duration  of  exposure  of  diffusion  annealings 
of  zircoaiun/I*iobiun  alloys 
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After  the  annealings  the  diffusion  coefficients  were  :  j  temined  '37  toe  method  o t 
removing  a  layer  and  measuring  the  integral  radioactivity  of  the  remains  of  the  samp* 


let  introduced  by  ?.L.Gru2in  |VJ  . 

In  tables  2-4  are  given  experimentally  found  zirconium  diffusion  coefficients  for  the 
investigated  alloys.  On  the  basis  of  temperature  dependence  of  diffusion  coefficients 
were  obtained  activation  energy  values  for  zirconium  diffusion  and  pro  ex:  onential  multi¬ 
plier  values  corresponding  to  them  (Table  2-4). 

Table  2.  Zirconium  diffusion  parameters  for  zirconium/nioblum  alleys 
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THble  3.  Zirconium  diffusion  parameters  for  zirconium/niobium  alleys 
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Tteble  4.  Zirconium  diffusion  parameters  in  zirconium/niobium  allays 
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In  fig.l  are  given  concent rational  do. jadencos  of  zirconium  diffusion  coefficients 
in  alloys  for  temperatures  of  7.000,  1200  and  l600°C.  It  is  evident  from  the  graphs 
that  the  diffusion  mobility  of  zirconium  alleys  chmges  in  do.  .r.lonca  upon  the  nio¬ 
bium  concentration  in  the  alloys.  Diffusion  mobility  of  zirconium  atoms  decreasos 
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gradually  with  a  rise  in  niotium  up  to  5%?*  ani  then  follows  a  sharp  drop  in  the 
diffusion  coefficient  magnitude.  And  so  tha  coefficients  of  zirconium  diffusion  at  1200°C 
decrease  by  approximately  one  and  one  half  orders  in  alloys  fran  pure  zirconium  to 
an  alloy  with  ytf,  zirconium  and  50-5  niobium  and  by  four  powers  in  alloys  with  an  up 
to  503  niobium  content  to  pure  niobium. 

Tae  structural  diagram  of  zirconium/niobium  alleys  h3s  a  niniimm  along  tha  3oli-» 


dus  curve  in  the  field  of  compositions  of  aipraximatly  20  to  niobiuu^^J.  Dut 
on  the  curce  of  the  concentrations!  coefficients  of  diffusion  on  the  side  of  zirco 


nium  a  reduction  inmelti:  .g  point  of  the  alleys  is  not  accompanied  by  a  rise  in  diffu¬ 
sion  mobility  of  zirconium  atoms.  On  the  side  of  niobium  with  a  reduction  in  the 
melting  point  of  the  alloys  the  diffusion  nobility  of  zirc  lum  atoms  increases. 


Fig.l.Concentrational  dependence  of  diffusion  coefficients  of  zirconium 
in  zirconiiu^niobium  alloys;  a-dif;usioa  coefficient;  b  -niobium  content... 

-a  have  obtained  results  on  the  diffusion  of  niobium  in  zirconium.  In  connection 
with  tha  absar.ee  of  metallic  artificial  radioactive  niobium  isotope.  ,  v/e  used  in 
c  <r  experiments  a  niobium  isotope  in  fora  of  niobium  oxalate  IJb^.  After  this  sola— 
tion  has  been  chemically  processed  on  t'.  e  samples  vaa  applied  a  layer  of  niobium 
oxide*  containing  Consoqucatly  si-  itarsously  vith  the  diffusion  of  niobium 
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in  zirconium,  apparently,  took  piece  diffusion  of  oxygon,  which  night  have  exerted  a 
certain  influence  on  the  diffusion  of  niobium  in  zirconium.  Obtained  data  are  listed  in 
table  5,  The  coefficients  of  diffusion  of  niobium  in  zirconium  are  close  in  magnitude 
to  the  coefficients  of  autodiffusion  of  zirconium. 

Table  5»  Jferameters  of  niobium  diffusion  in  zirconium 

Alloy  diffusion  coefficients  (cnf^/sec) 

at  temperatures, °C 

1300 

3£I0» 


1000 

not  | 

2 r 

6,23  10-“ 

1,47- 10-*  | 

i 

By  canparing  the  coefficients  of  diffusion  of  zirconium  in  niobium  and  niobium  in 
zirconium  is  evident,  that,  for  example,  for  a  temperature  of  1200°C  the  diffusion 
coefficients  differ  by  more  than  6  magnitudes. 

Calculation  of  zirconium  diffusion  ooef- 
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ficients  for  alloys  showed, that  at  melting 
points  all  alloys  have  a  diffusion  coeffi— 
cient  of  the  magnitude  of  10“®  ct?  sec“^, 

Tiie  melting  point  of  alloys  was  taken  on  the 
basis  of  the  structural  diagram  of  the 
zirconium/niobium  sys  tang]  . 

Tiie  concentrations!  dependence  of  activa¬ 


tion  energy  for  zirconium  diffusion  i3  shown 

FiC,2*Concentrational  dependence  of  acti¬ 
vation  energy  of  zirconium  diffusion  in  in  fie,2,'nie  activation  energy  of  zirconium 

zirconiuzVniobium  alloysi  x-results  of  gi¬ 
ven  experiment!  •  -  results  of  experiments  diffusion  rises  with  the  increase  in  nlo- 
toy  frj 

bium  content  in  ths  alloys,  A  rise  in  diffusion 


activation  energy  with  simultaneous  reduction  of  d\rfusioa  mobility  in  alleys  indica¬ 
tes  a  strong ’honing  of  the  inters  tonic  bond  in  the  crystalline  lattice  of  zirconium. 
This  is  al3o  confirmed  by  data  about  the  change  in  elasticity  modulus  of  the  alleys 
in  the  zlrconiuiVniobium  system,  obtained  by  ft*]  • 
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In  the  experiment  T6J  was  examined  the  diffusion  mobility  of  zirconium  in  zirco¬ 
nium  elloys  v;ith  a  niobium  content  of  2j  5l  10  percentages  by  weight,  The  activation 
energy  values  of  zirconium  diffusion  in  these  alleys  are  plotted  on  gra ph  fiG*2.  and 
are  in  conformity  with  values. obtained  in  the  given  experiment. 

The  magnitude  of  activation  energy  of  zirconium  . If -diffusion,  obtained  in  the 
given  experimoi  t.  equals  30*5  cal/g.atm.  In  other  experiments  are  given  acti¬ 

vation  energy  values  far  self  diffusion  of  zirconium,  differing  free  the  previous  one. 
The  discrepancy  in  activation  energy  values  for  self-diffusion  of  zirconium  is  connec¬ 
ted,  apparently,  with  the  influence  of  the  structural  factor  on  diffusion  mobility 
of  zirconium.  As  result  of  alpha  — y  be  to -conversion  of  zirconium  when  heated  in  beta- 
phase  crystals  is  retained  a  greater  amount  of  in tra granular  separation  surfaces, 
facilitating  the  occurrence  of  diffusion  processes.  v.’e'j’S'J  as  well  es|7^  showed  that  the 
elimination  of  the  effect  of  ir.tr  agranular  separation  surfaces  leads  to  a  rise  in  ac¬ 
tivation  energy  for  self-diffusion  of  zirconium  to  38^7^  and  Iff  kcal/g.atmftJ'J  . 

In  fig.3.5s  shown  the  concentrations!  de¬ 
pendence  lgD0, calculated  in  accordance 
with  experimental  data.  Foi|d  If  ft:  si  or.  of  zir¬ 
conium  in  rdobium  the  value  Do=0.1  cn?/seo 
appears  to  be  conventional  for  nctals.  For 

the  diffusion  of  niobium  in  zirconium  this 
Fig.3.Conccntrational  dependence  1gD0  . 

for  diffusion  of  zirconium  in  zirconiurV  ’A.  lue  equals  2,2#10~4  cur  sec”1  as  well  as 
niobium  a  11  eye.  m  -  Viobiua  oontent. 

for  self-dif fusion  of  zirconium  ( D^IO”'1 

CE^cec"*^),  vejr  snail.  It  is  evident  fren  fig«3»  that  with  the  rise  in  niobium  content 
in  alleys  the  preexponential  multiplier  0o  increases. 

The  obtained  experimental  data  on  the  measurement  of  the  d  f fusion  coefficient 
of  zirconium  in  zirconium-niobium  alloys, activation  ener,^  of  diffusion  end  preexpo¬ 
nential  multiplier  showed,  that  all  these  values  depend  upon  the  concentration  of 
elements  in  the  alleys.  With  a  rise  in  niobium  content  in  zirconium  alloys  is  obser- 
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ved  an  increase  In  activation  energy  value  for  the  diffusion  of  zirconium  ^  and  B0» 
Sirultanecusly  with  these  is  observed  a  reduction  in  diffusion  mobility  of 
zirconium  atoms. 

In  this  way,  in  the  zone  of  existence  of  contiguous  solid  solutions  in  the  zirconium* 
niobium  system  is  observed  a  smooth  change  of  all  diffusion  parameters  of  zirconium 
with  a  rise  in  niobium  content. 

Niobium  alloying  of  zirconium  hampers  the  occurrence  of  diffusion  processes  in  zir¬ 
conium^  strengthens  the  force  of  the  bond  between  atoms  in  the  crystalline  lattice. 

'-ith  this,  apparently  ,  is  connected  the  rise  in  heat  resistance  of  zirconium  in  alleys 
with  niobium. 
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